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In the preceding paper of this series, the effects of a  concomitant 
vaccinal infection upon the reaction to experimental syphilis in the 
rabbit were reported (1).  It was shown that under the conditions of 
the  experiments which  involved the  intracutaneous  inoculation  of 
vaccine virus at  the time of an intratesticular inoculation of Trep- 
onema pallidum, the syphilitic reaction was profoundly disturbed in 
the direction of lowered efficiency, the disease which developed being 
much more severe than in control animals. 
The syphilitic reaction has also  been studied, first,  in  rabbits  in 
which both vaccine virus and T. pallidum were inoculated simultane- 
ously in the same site (testicle) and, second, in rabbits which had been 
previously immunized to vaccine virus.  The study of the sort first 
mentioned had its origin in the unexpected results obtained with the 
intratesticular inoculation of syphilitic material derived from a rabbit 
inoculated with a strain of T. pallidum reported to be capable of induc- 
ing a  severe infection (1).  The  syphilis in our inoculated animals 
proved unusually mild, and it was found that the original rabbit from 
which the strain was derived was infected as well with vaccine virus 
which was being transferred in the syphilitic inocula.  The purpose 
of the second series of experiments dealing with the syphilitic reaction 
in vaccine-immune rabbits was to determine whether the character of 
the syphilis in the  animals inoculated with the material containing 
both T. pallidum and vaccine virus as mentioned above, was influ- 
enced by the vaccinal immunity, an immunity  well established by the 
time the first clinical signs of the syphilitic infection are appearing. 
A preliminary report of the findings has already appeared (2).  In 
the present paper they are described in detail. 
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EXPE~TMENTAL. 
Material and  Methods. 
The experiments were carried out at the same time as others previously re- 
ported (1), the same materials being used for inoculation and in like amounts. 
The  rabbits  were  young  adult  male  animals approximately 8  months  of  age. 
They were separately caged throughout the period of observation and were fed a 
diet of hay, oats and cabbage. 
The dates of inoculation were: Experiment I, November 10, 1926; Experiment 
II, January 13, 1927; Experiment III, February 14, 1927.  The Nichols strain of 
T. pallidum and the Noguchi strain of vaccine virus were used, the material for 
inoculation in each case being obtained from actively developing testicular lesions. 
The emulsions prepared with the syphilitic  material contained from i to 3 actively 
motile spirochetes to the microscopic field. 
Control Series.--The syphilitic controls comprised 3 groups of 10 rabbits each; 
the same groups also served as the controls of the experiments previously reported 
(I).  Each animal was inoculated in I testicle with 0.2 co. of the pallidum emulsion. 
The virulence of the vaccine virus was tested in each experiment by the inocu- 
lation of 2 to 5 normal rabbits.  The inoculations (in each instance 0.2 cc. of a 
saline emulsion) were made intracutaneously on a shaved area of skin on the side 
of the body, as well as by application to a scarified skin area; an intratesticular 
injection was also made in certain rabbits. 
Vaccine-Immune Serles.--There were 3 groups of rabbits immunized to vaccine 
virus by the intracutaneous injection of 0.2 cc. of a virus emulsion.  Each animal 
developed a typical reaction, and a second injection 10 days after the first in the 
case of the first and second groups and 15 days later in the case of the third group, 
was followed by no visible reaction.  These rabbits were subsequently inoculated 
in  1 testicle with  T. pallidum (0.2 cc.).  The length of time between  the  first 
injection of vaccine virus and the syphilitic ~oculation was 20 days in the first, 
84 days in the second and 30 days in the third experiment.  There were 5  rabbits 
each in the first and second groups and 10 in the third. 
T. pallidura Plus Vaccine Virus Series.--There were 5 rabbits in the first and 
$ in the second experiment in which a mixture of syphilitic  and vaccinal emulsions 
was injected in 1 testicle.  In the first experiment the mixture was prepared with 
twice as much vaccine as syphilitic emulsion and the inoculating dose of 0.6 cc.p 
therefore, contained 0.4 cc. of vaccinal and 0.2 cc. of syphilitic material.  Inthe 
second  experiment,  the  mixture  contained  equal  amounts  of  the  2  emulsions 
and each animal received 0.4 cc. 
Conduct of Experiments and Analysis of Results.--The  period of observation 
in each experiment was 3 months from the date of syphilitic  inoculation.  Special 
attention was given to the time and frequency and to the duration of successive 
phases of the reaction to syphilitic  infection with a view to reducing the comparison 
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for comparison were: the incubation time of primary lesions, the time and fre- 
quency of the occurrence of a  critical edema in the inoculated testicle, the time 
and frequency of occurrence of lesions in the uninoculated testicle (metastatic 
orchitis), the time and frequency of occurrence of generalized lesions in the skin 
and  mucous  membranes,  bones  or  eyes,  the  number  of loci affected by such 
lesions and finally, the proportion of animals that showed complete healing of 
all lesions during the 3 months observation period. 
It should be noted, in discussing time relations of the various reactive phe- 
nomena, that there is a basic tendency toward the preservation of a uniform inter- 
val of time between the occurrence of successive reactions in syphilitic rabbits. 
With the Nichols strain of T. pallidum as carried in our laboratory, the reaction 
interval is approximately 2  weeks.  In these experiments, as stated above, the 
Nichols strain was used, but the particular line from which the present substrain, 
as it may be termed, was derived had been transferred under somewhat different 
conditions from those employed with the parent strain.  It was not known at the 
time this work was started, however, that the infection induced by this substrain 
would differ in any essential respect from that of the parent strain, but the results 
of these and other experiments have shown certain peculiar features of the syphi- 
litic reaction, notably a delay in the development of a metastatic orchitis and an 
unusually  early appearance  of generalized lesions.  These  peculiarities in  the 
behavior of the strain must be taken into account in analyzing the results obtained. 
In recording the  results,  the  term  "focal distribution" or "focal incidence" 
as applied to generalized lesions refers to the number of discrete foci at which 
lesions developed as determined by actual count.  The figures for actual distribu- 
tion are the mean values for those animals of a  group that actually developed 
generalized lesions, while the figures for relative distribution give the results in 
terms of the entire group.  This distinction is made in order to permit comparison 
of the extent of the lesions irrespective of the number of animals affected and at 
the same time to avoid any erroneous impression that might arise from the chance 
occurrence of an occasional case of severe syphilis in any group of animals. 
Results. 
The results of the experiments are presented in Tables I, II and III 
and in Text-figs. 1 and 2. 
The values in Tables I  and II which represent group means, refer to the inci- 
dence and time of occurrence of various phenomena of the syphilitic reaction; 
Table III contains the total number of generalized lesions in the order of their 
appearance.  The successive phases of the infection which to some extent overlap 
each other, are shown  in Text-fig. 1 by a  series of curves plotted upon a  time 
basis.  To  facilitate the reading of these graphs,  an  arbitrary division of the 
curves has been made at the 35th day and those representing the incidence and 
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TABLE  I. 
Incidence of Various Phenomena of Infection and Focal Distribution of 
Generalized Lesions. 
Experiment 
IC 
V.V. Ira. 
V.V. (I.T.) 
II c 
V.V. Ira. 
V.V. (I.T.) 
III C 
V.V. Im. 
~e~trt v&]ues 
C 
V.V. Ira. 
V.V. (I.T.) 
No. of  Primary 
rabbits  orchitis 
~er cen~ 
10  100.0 
5*  100.0 
5  100.0 
10  100.0 
5  100.0 
5  100.0 
10  100.0 
10  100.0 
30  100.0 
20  100.0 
10  100.0 
Edema of 
inoculated 
testicle 
~er cent 
60.0 
100.0 
50.0 
40.0 
70.0 
40.0 
60.0 
55.5 
Metas- 
tatic 
orchitis  ~Incidence 
per cent  per cent 
100.0  100.0 
100.0  75.0 
100.0  40.0 
90.0  70.0 
80.0  80.0 
100.0  20.0 
90.0  90.0 
90.0  90.0 
Genemllzed lesions 
93.3  86.7 
90.0  89.5 
100.0  30.0 
Focal  Focal 
distribu-  distribu- 
tion  tion 
actual  re~atiee 
9.8  9.8 
8.7  6.5 
10.5  4.2 
7.0  4.9 
4.0  3.2 
2.0  0.4 
8.4  7.6 
7.1  6.4 
8.6  7.4 
6.3  5.6 
7.7  2.3 
* There was  1 accidental death in this group shortly after the development of 
the metastatic orchitis. 
In this and allother tables: 
C  =  controls; V.V. Im.  =  animals  immune  to  vaccine  virus;  V.V. (I.T.)  = 
animals  inoculated  with  Treponema  pallidum  and  vaccine  virus  in  the  same 
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TABLE  !I. 
Mean Time of Occurrence of Various Pkenomena of Infection Estimated in Days 
Experiment 
C 
V.V. Ira. 
V.V. (I.T.) 
[I C 
V.V. Ira. 
V.V. (i.W.) 
[II C 
V.V. Ira. 
.Viean values 
C 
V.V. Ira. 
V.V. (I.T.) 
from Date c 
Edema of 
Primary  inoculated 
orchitis  testide 
days  days 
12.8  31.0 
9.0  28.6 
(67.4)*' 
22.9  40.4 
20.8  32.5 
(44.5)* 
12.2  33.9 
11.0  29.3 
i5.8  34.7 
13.0  29.5 
(55.9)* 
•  Inocugation. 
Metastatic 
orchifis 
days 
46.5 
50.2 
50.8 
61.8 
56.8 
58.2 
45.3 
54.3 
51.0 
53.7 
54.5 
Generalized lesions 
First 
days 
4~ 0 
57.3 
58.8 
62.0 
63.3 
89.0 
47.6 
55.3 
51.6 
57.2 
68.7 
Last  Mean of all 
days  days 
78.8  62.8 
79.0  66.6 
86.0  68.9 
80.4  67,4 
73.0  68.8 
100. Ot  95.0 
67.6  55.0 
70.4  65.9 
75. I  61.0 
72.6  66.6 
90.7  71.4 
* These incubation  periods are enclosed in parenthesis to indicate that they are 
not of the same order as the others as explained in the text. 
t  Since only 2 generalized lesions were detected in this group, both are included 
in the results, although one of them developed later than the selected period of 
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TABLE  IlL 
Time of Appearance of Generalized Lesions Estimated from Date of Inoculation. 
Experiment II  Experiment III 
Days 
Controls  I V.V. Ira.  V.V. (I.T.)  Controls  V.V. Ira.  V.V. (LT.)  Controls  V.V. Ira. 
10 rabbits  [ 4 rabbits  5 rabbits  10 rabbits  5 rabbits  5 rabbits  10 rabbits  10 rabbits 
i 
35  0  0  0  0  0  0  0  0 
37  0  0  0  0  0  0  1  0 
39  0  0  0  0  0  0  0  0 
41  1  0  0  i  0  0  2  0 
43  3  0  0  0  0  0  3  0 
45  0  0  0  0  0  0  4  0 
47  19  0  0  0  0  0  1  1 
49  3  0  0  0  0  0  9  0 
51  0  0  0  0  0  0  18  2 
53  6  5  0  0  0  0  12  3 
55  5  1  1  0  0  0  5  5 
57  11  2  0  4  1  0  0  0 
59  0  0  0  7  1  0  0  6 
61  7  3  6  9  2  0  0  1 
63  4  0  0  7  3  0  10  9 
65  6  4  1  3  1  0  1  9 
67  0  0  3  4  3  0  3  0 
69  1  0  0  3  0  0  0  9 
71  0  0  6  1  I  0  3  10 
73  0  0  0  0  2  0  1  0 
75  16  7  1  1  0  0  0  0 
77  8  1  1  0  0  0  3  5 
79  0  1  0  0  0  0  0  3 
81  0  1  1  4  2  0  0  0 
83  2  0  0  0  0  0  0  0 
85  0  1  0  0  0  0  0  0 
87  0  0  0  2  0  0  0  0 
89  1  0  1  0  0  1  0  0 
91+  5  0  0  3  0  1  0  0 
.... 
Total  98  26  21  49  16  2  76  63 
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Focal 
t5 
others.  The  curves  in Text-fig. 2  which  illustrate the  distribution or  time of 
appearance of generalized lesions are compiled  from the values listed in Table III. 
It will be noted that whereas there were 3 groups each of vaccine-immune and 
control animals, there were but 2 groups of rabbits inoculated with a mixture of 
syphilitic and  vaccinal emulsions.  Strictly speaking,  therefore,  the  results  of 
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TEXT-FIG. 2. 
the doubly inoculated animals should be compared with the mean values of the 
corresponding 2  groUps of controls and vaccine-lmmunes, rather than with  the 
values of the 3 groups.  It has been found, however, that there is little difference 
between these 2 sets of mean values, so that in order to simplify the  analyses of 
results, only the mean value of the 3 groups has been used. LOUISE  PEARCE  133 
DISCUSSION. 
It will aid to a clearer understanding of the results obtained in these 
experiments if the various phenomena of the syphilitic reaction chosen 
for discussion are taken up in the order of their development.  In 
this way, one obtains a picture of the infection in its successive phases 
and is the better able to appreciate the significance of variations in the 
experimental series. 
Primary Orchitis.--All rabbits in each group of the 3 experiments 
developed a  primary lesion  of the  inoculated testicle,  that  is,  the 
controls,  the  vaccine-immunes  and  the  animals  inoculated  intra- 
testicularly with a  mixture of vaccinai and syphilitic viruses (Table 
I).  The time at which the lesion was detected, however, differed in 
the 3 groups (Table II).  The mean value of the incubation period 
was 15.8 days for the controls but it was slightly shorter, 13.0 days, 
for  the  vaccine-immunes.  The  results  of  individual  experiments, 
moreover, were consistent in this respect, the difference in time being 
3.8, 2.1 and 1.2 days respectively.  This finding  which will be discussed 
later in connection  with other results, suggests that the character of the 
initial reaction of rabbits immune to vaccine virus was modified in the 
direction of increased susceptibility or heightened sensitivity. 
In the case of the 2 groups of rabbits which were doubly inoculated, 
the development of a primary lesion was markedly delayed, the mean 
value of the incubation period being 55.9 days, a prolongation of 40.1 
days  beyond the  mean incubation of the  controls  (Table  II).  At 
least 2 reasons suggest themselves as the cause of this result.  In the 
first place, it is probable that the intense testicular reaction to vaccine 
virus seriously interfered with the development of spirochetes if it did 
not actually destroy a certain number and second, that the condition 
of the testicle after the subsidence of the vaccinal reaction was not such 
as to favor the usual growth of organisms and the production of a local 
lesion.  In this connection, it is of interest to note that vaccine virus 
per se had no apparent immediate effect on the motility  of the spiro- 
chetes as judged by successive dark-field examinations of the mixture 
of the 2 emulsions.  Actively motile spirochetes were seen for as long 
as 4  hours in the mixtures kept at room temperature and in the ice 
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As  will  be  brought  out  in  the  following  discussion,  the  general 
character of the disease in any particular experiment of this nature 
has  an important bearing on the results obtained.  An idea of  the 
variation in the disease  in the 3 experiments here reported may be 
had  by  comparing the  mean  time  at  which  the  primary orchitis 
developed in the control animals.  Reference to Table II shows that 
the  incubation  period  in  the  second  experiment was  much longer 
than in the first or third, that is, 22.9 as compared with 12.8 and 12.2 
days, and as will be seen, these values are indicative of the mild disease 
in the second and of the more severe infections in the first and third 
experiments.  While the incubation periods of both groups of doubly 
inoculated animals were greatly  prolonged beyond those of the controls 
(Table II), it was not as delayed in the second as in the first experi- 
ment, the difference in the 2 cases being  21.6 and 44.6 days respec- 
tively.  This result is surprising in view of the character of the disease 
in the second series,  for it might be thought  that the effect of the 
vaccinal reaction upon the primary orchitis would be more marked in a 
mild than in a  severe infection.  But the dose of vaccine virus  em- 
ployed in the first experiment was twice as large as in the second and 
furthermore, the first virus was more potent than the second judging 
from the intracutaneous and intratesticular reactions of  the  control 
animals.  It  would appear,  therefore, that the  earlier  development 
of the primary orchitis of the second experiment was related to a less 
pronounced local vaccinal reaction. 
Critical Edema.JAlthough  the phenomenon of an  edema of the 
inoculated testicle is a variable feature of the syphilitic reaction, it is 
a highly significant one as it marks the end, either temporary or final, 
of the initial stage of the infection. 
The mean incidence of edema in the control groups was 60.0 per 
cent as compared with 55.5 per cent for the vaccine-immune groups 
and with none in the doubly inoculated animals (Table I).I  The rates 
for individual  control  groups  are,  on  the  whole, average for  the 
Nichols strain of T. pallidum.  The first vaccine-immune  group, how- 
ever, showed the high incidence of 100.0 per cent, a rate not attained 
by any other group in the 3 experiments.  This result indicates a high 
1 The early edema of the testicle associated with the reaction to vaccine virus 
is, of course, not included in the present connection. LOUISE P~ARC~  135 
capacity for reaction on the part of these animals, and in this connec- 
tion, it should be remembered that the shortest incubation period of 
the primary orchitis and the greatest difference in the time of  this 
phenomenon as compared with the controls occurred with this group. 
The interpretation  of this  finding on  the basis  of  an  initial hyper- 
sensitiveness or increased reactivity is strengthened by the uniform 
occurrence of a  critical edema. 
The time at which edema occurred shows that the vaccine-lmmune 
animals reacted more promptly than the controls..  That is,  in the 
control  groups,  it  occurred  5  weeks  after  inoculation  and  in  the 
vaccine-immune animals  approximately  a  week  earlier,  the  actual 
mean values being 34.7  and 29.5  days  (Table  II).  The  results of 
individual experiments, moreover, were consistent in this respect, the 
differences being 2.4, 7.9 and 4.6 days respectively. 
A comparison may also be made between the time of development 
of the critical edema and the incubation period of the primary orchitis. 
The mean value of this interval, as shown in the following table, was 
definitely shorter in the case of the vaccine-immunes as compared with 
the  control value.  As far as  individual results were concerned, the 
reaction interval of the vaccine-lmmune  groups in the second and third 
experiments was shorter than those of the controls, while in the first 
experiment, it was slightly longer. 
From ate Incubation Period to the Critical Edema. 
Experiment  Controls  Vaccine-lmmunes 
days  days 
I  18.2  19.6 
II  17.5  11.7 
III  21.7  18.3 
Mean values  19.1  16.5 
The observations regarding edema of the inoculated testicle show, as 
was the case with the incubation period of the primary lesion, that 
animals which had been immunized to  vaccine virus reacted  more 
promptly to  an intratesticular inoculation of  T.  pcdlidum  than did 
normal rabbits. 
Metatasti~ Orchitls.--The next phenomenon  of the syphilitic reaction 136  CONCOMITANT, INFECTIONS.  II 
to be considered is the development of a lesion in the  uninoculated 
testicle. 
As shown in Table I, the incidence of a metastatic orchitis was the 
same in the vaccine-immune and the control groups,  the mean values 
being 90.0 and 93.3 per cent.  In the first experiment in  which the 
severity of the disease was marked, all animals of both groups devel- 
oped a metastatic orchitis, while in the second and third in which the 
disease was less severe, there was 1 rabbit each in both  the  control 
and the*vaccine-immune groups in which a  metastatic  orchitis was 
never detected.  On the other hand, the incidence of a lesion in  the 
uninoculated testicle of the rabbits which received the double inocula- 
tion of T. pallidum and vaccine virus was 100.0 per cent.  The fact 
that a metastatic orchitis developed in all doubly inoculated animals 
of the first experiment is not surprising in view of the severity of this 
particular  infection.  But  in  the  second  experiment,  although  the 
disease was  mild,  a  similar  result  obtained,  and  this  finding is  in 
harmony with the comparative shortness of the primary incubation 
period which was discussed  above.  It is possible  that the factor of 
individual animal variation may account for this result, and it is also 
possible that it is due to the variability of reaction phenomena charac- 
teristic of a mild infection. 
The time of development of the metastatic orchitis as reckoned from 
the day of inoculation is given in Table II.  The mean value for the 
control groups was 51.0 days as compared with 53.7 days for the vac- 
cine-immune animals, a difference of 2.7 days.  The differences in the 
first and third experiments were 4.7 and 9.0 days respectively, but in 
the second experiment, the order of development was  reversed, the 
metastatic orchitis of the vaccine-immune group antedating that of 
the controls by 5.0 days.  Reference  to the curves of Text-fig. 1 shows 
that in the first and third experiment, the metastatic orchitis of the 
controls  uniformly preceded that  of  the  vaccine-immune animals, 
while in the second experiment, the  curve for the immunes precedes 
that for the controls except at one point. 
The result in the second experiment is in keeping with the character 
of the earlier phenomena in consequence of which a restraining effect 
upon the subsequent phenomenon of the metastatic orchitis failed to 
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vaccine-immune animals of this second series.  One must first take into 
account the known variability of reactive phenomena characteristic of 
a  mild infection, the  type which prevailed in  this  experiment.  In 
the second place, the period of vaccine immunity (84 days) was much 
longer than in the other experiments (20 and 30 days).  It is quite 
likely that if a  state  of initial  hypersensitiveness leading eventually 
to  a  more effectual reaction, existed in  the first experiment as was 
suggested by the observations in connection with the primary orchitis 
and critical edema, it might not  continue over a  prolonged period.  ~ 
The curves representing the incubation period (Text-fig. 1, Experiment 
II)  show only a  slight  difference in  favor of an earlier development 
of the primary orchitis  on the  part  of  the  vaccine-immune group, 
while  the  low  incidence  of  edema  makes  a  comparison  of  this 
phenomenon  unsatisfactory,  although  the  curve  for  the  vaccine- 
immunes  does  precede  that  for  the  controls.  There  is  no  clearly 
defined group  difference in the progress of the infection up  to  this 
point as far as the time relations and the incidence of reactive phe- 
nomena are concerned.  But with the development of the metastatic 
orchitis,  the  vaccine-immune group  preceded the  controls,  and  the 
difference was of the same order and degree as that observed with the 
earlier  reactions  of  the  first  experiment  and  resulted  in  a  similar 
restraining or inhibiting effect upon later phenomena, in this case the 
development of generalized lesions (Text-fig. 1).  In the first experi- 
ment,  the  shorter incubation  period of the primary lesion  and  the 
earlier development and high incidence of the critical edema in the 
immune animals  as  compared with the  controls was  followed by  a 
definite delay in  the development of the next phenomena, namely, 
the  metastatic  orchitis  and  the  generalized  lesions.  In  the  third 
experiment,  group  differences in  the  time  relations  of the  primary 
orchitis and critical edema are not so clear-cut as in the first experi- 
It should also be noted that the rabbits of the second vaccine immune groups 
had been living under laboratory  conditions approximately 3  months  longer 
than the controls.  This factor of caging and of age as well, undoubtedly had 
some influence  upon the character of the reaction, but it is difficult  of estimation, 
for while its effect is usually seen in the direction of increased efficiency,  or in 
what may be termed a lower initial reactive state, such effects are not invariable 
or constant. 138  CONCOMITANT  INFECTIONS.  II 
ment,  but  they become well marked with the development of the 
metastatic orchitis and again with the time of appearance of the first 
generalized lesions, as shown by the curves of Text-fig. 1. 
The development of a metastatic orchitis in the doubly inoculated 
animals occurred in 50.8  and 58.2 days after inoculation (Table II). 
As compared with the controls, it was delayed 4.6 days in the first 
experiment, but  in the second it preceded the control value by 3.6 
days.  The small magnitude of these values is of especial interest in 
that a greater delay in the development of a metastatic orchitis might 
be expected in view of the profound disturbance of the primary orchitis 
caused by the early vaccinal reaction.  In the first experiment, the 
lesion of the uninoculated testicle developed 16.6 days earlier than 
that of the inoculated testicle, while in the second, the results were 
reversed, the primary orchitis developing 13.7 days before the metas- 
tatic lesion.  But  it  should be noted that  despite these differences, 
the  development  of  the  metastatic  orchitis  in  both  experiments 
occurred in comparable periods of time and curiously enough there was 
less difference between them (8.4 days) than between the correspond- 
ing control values (I5.3 days). 
Generalized Lesions.--The phenomenon of generalized lesions is the 
most significant single basis for estimating the general character of the 
syphilitic reaction.  The occurrence or non-occurrence of generalized 
manifestations, the time of their appearance, their number, nature and 
persistence are among the features of this phase of the infection which 
may be used in evaluating its character. 
The mean incidence of generalized lesions was practically the same 
in the control and vaccine-immune groups as shown in Table I  and 
there were no significant differences in individual experiments except 
in the first.  Here the diseasewas verysevere and all controls developed 
secondary manifestations, but there was one vaccine-immune animal 
in which none was detected.  In the doubly inoculated rabbits,  on 
the other hand, there was a low incidence of generalized lesions, the 
mean value of 30.0 per cent contrasting with 86.7 per cent for the 
controls (Table I). 
In regard to the distribution of generalized lesions, the mean values 
given  in  Table  I  show  definite  group  differences.  The  following LO~SE PEARCE  139 
analysis gives the extent of these differences  in percentage terms of the 
control values: 
Actual rate  Relative rate  Group  ....... 
per  cent  of  I  ~r cent  of 
control ~lue  I  control ~alue 
Controls ......................................  8.6  I  7.4 
Vacdne-immunes ..............................  6.3or  --26.72  [ 5.6or  -24.32 
V.V.  (I.T.) ....................................  7.7 or --10.46  I  2.3 or --68.92 
As has been stated in the section on Material and  Methods, the 
relative rate of focal distribution which is estimated upon the total 
number of animals in  the group,  gives  a  more  comprehensive idea 
than the actual rate of the extent of the lesions  irrespective of the 
number of animals affected.  This point is illustrated by the actual 
and relative rates for the doubly inoculated animals as shown in the 
above table.  The magnitude of the actual rate is disproportionately 
large, due to 2  cases of moderately severe syphilis and the relative 
rate is a fairer expression of the group as a whole.  From the figures 
given above, it is clear that as far as the distribution of generalized 
lesions is concerned, the infection of the doubly inoculated animals was 
much less  pronounced than that  of the  controls,  and while in  the 
vaccine-immunes  it was not as mild as in the doubly inoculated rabbits, 
still it was definitely  less severe than in the controls. 
In regard to the initiation of this phase of the reaction as determined 
clinically, the mean values as given in Table II show that generalized 
lesions appeared first among the controls and last among the doubly 
inoculated animals.  The difference in  time as  compared with  the 
control value was  5.6  and  17.1 days for the  vaccine-immune and 
doubly  inoculated  rabbits,  respectively,  and  as  far  as  individual 
experiments were concerned, the results for both groups were con- 
sistent.  In the first and third experiments in which the disease was 
severe,  the  delay in  the  appearance  of  generalized lesions  in  the 
vaccine-immunes as compared with the controls amounted to 9.3  and 
7.7  days respectively.  The delay in the second experiment was only 
1.3 days, a negligible difference  from the standpoint of magnitude, but 
of some importance in  that it  conforms to the results of the other 
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to the mild character of the disease.  In the case of the doubly inoc- 
ulated  animals of the  first  experiment, generalized  lesions first ap- 
peared  10.8  days after the  controls while in the second series, their 
appearance was delayed 27.0  days  beyond the control group.  The 
difference in the character of the disease probably explains the differ- 
ence in  the magnitude of these results, that  is to  say, the effect in- 
duced by the double inoculation in the direction of delayed reaction 
was to some extent offset in the first experiment by the severity of 
the infection. 
With regard to the last generalized lesions to appear, as shown in 
Table  II  and  Text-fig.  1,  there  was  little  difference between  the 
vaccine-immune and control animals.  But with the doubly inoculated 
rabbits,  the  development of the  few  generalized  lesions which  did 
appear  was  so  delayed that  the  mean  value  for  the  last  lesion  is 
considerably larger than the control figure, that is, 90.7 and 75.1 days 
respectively. 
Further differences in the reaction of the vaccine-immune groups as 
compared with the controls are brought out in the matter of the time 
relationships  existing between  the  initiation of  the  phenomenon of 
generalized  lesions  and  those  which  preceded  it  as  shown  in  the 
following table: 
From the Primary Orchitis to the First Generalized Les~ons. 
Experiment Experiment  ] Experiment  Mean 
values 
Controls ................................  [  35.2  ]  39.1  ]  35.4  35.8 
V cin -im une  ........................  I  483  I  42S1  44.3  4 .2 
From the Critical Edema to the First Generalized Lesions. 
Controls ................................  17.0  ]  21.6  [  13.7  16.9 
Vaccine-immunes ........................  28.7  I  30.8  ]  26.0  27.7 
From ~he Mdastatic Orchitis to the First Generalized  Lesions. 
Controls ................................  1.5  [  0.2  {  2.3  0.6 
Vaccine-immunes .................  7.1  [  6.5  [  1.0  3.5 
Considering only the mean values given above, the reaction intervals 
of the vaccine-immune animals exceeded those of the controls to the 
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per ¢$~ 
From the primary orchitis to the first generalized  lesion  .........  23.5 
From the critical edema to the first generalized  lesion  ...........  63.9 
From the metastatic orchitis to the first generalized  lesion  .......  48.3 
It has already been pointed out that a  critical edema is a  variable 
phenomenon and this fact together with the difference in the number 
of animals composing the 2 groups, contributes to the magnitude of 
the value resulting from the comparison of the  critical  edema and 
generalized lesion interval.  But the above analyses show very dearly 
that  the reaction of the vaccine-immune rabbits in the case  of the 
generalized manifestations of disease was not as prompt as that of the 
control  animals.  Similar  comparisons with  the  doubly  inoculated 
rabbits are not applicable because of the irregularities already noted 
in connection with the early phenomena of the infection. 
A  significant  aspect of the reaction to  syphUis is the duration of 
the  period  in  which generalized  manifestations  develop.  In  the 
following table  the  controls  and  the  vaccine-immune animals  are 
compared from this standpoint, using the values in Table II for the 
time of appearance of the first and last generalized lesions, and it is 
at  once apparent  that this  phase of the reaction was  considerably 
shortened in the case of the vaccine-immune groups.' 
Duration of Active Period of GeneraliZed Lesions. 
Experiment 
I 
II 
III 
Mean values 
Controls 
days 
30.8 
18.4 
20.0 
23.5 
Vaccine-immunes 
days 
21.7 
10.0 
14.8 
15.5 
I  Difference  Per cent of 
in time  control value| 
days  per cent 
--9.3 or 30.2 
--8.0 or 43.5 
--5.2 or 26.0 
--8.5 or 36.2 
In regard to the doubly inoculated animals,  the active period of 
generalized manifestations in the first  experiment was 27.5  days  as 
compared with  30.8  days  for  the  controls  (Table  II).  It  will  be 
remembered,  however,  that  in  this  experiment  the  incidence  of 
generalized lesions was 40.0 and 100.0 per cent for the doubly inocu- 
lated  and  control groups  respectively  (Table  I)  and  although this 
period of eruptive activity was but slightly shortened in the case of the 142  CONCOMITANT  II~FECTIONS.  II 
doubly  inoculated  groups,  the  compared  value  represents  only  2 
animals.  In the second experiment only 1 doubly inoculated rabbit 
(20.0 per cent) developed 2 generalized lesions separated by an interval 
of 11 days as compared with an incidence of 70.0 per cent among the 
controls and a period of active development of 18.4 days (Tables I, II 
and  III).  It  would  appear,  therefore,  that  there  was  a  definite 
tendency on  the  part  of  the  doubly  inoculated  rabbits  toward  a 
shortening of the active period of generalized manifestations as was 
the case with the vaccine-immune rabbits. 
The mean time of appearance of all generalized lesions together with 
their time distribution may also be used as a basis of comparing the 
syphilitic reaction.  The majority of lesions in the vaccine-immune 
and doubly inoculated animals tended to develop later than in the 
controls, as indicated by the mean values given in Table II,  that is, 
66.6 and 71.4 days as compared with the control figure of 61.0 days, 
but the difference is more strikingly brought out in the distribution 
curves of Text-fig. 2.  Since the relative focal distribution rates have 
been employed in making these curves, their height gives an idea of 
disease severity.  The delay in the initiation of secondary lesions, the 
generally lower level of the curves and the tendency for the majority of 
lesions to develop  late in the course of the disease are uniform features 
of the reaction in the vaccine-immunes and doubly inoculated animals 
not observed in the controls. 
Resolution  and Healing of Lesions.--The  last phase of the reaction 
to be considered is the state of the lesions at  the conclusion of the 
experiment, that is, 3 months after inoculation.  By this time, in a 
group of 5 or 10 rabbits and under ordinary conditions of intratestic- 
ular  inoculation  with  a  virulent  strain  of  T.  pallidurn,  a  certain 
number of animals still show active lesions;  in others, the  lesions are 
regressing, while in the remainder, the manifestations of the disease 
are  healed.  A  comparison of experimental groups from this stand- 
point furnishes the basis, therefore, for estimating the character of the 
syphilitic reaction  in  its  capacity toward the  accomplishment of  a 
latent state.  The following table summarizes the observations on the 
state of the lesions in the various groups of the present experiments 
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Final State of the Lesions. 
Experiment 
[C 
V.V. Im. 
V.V.  (I.W.) 
HC 
V.V. Ira. 
V.V. (I.W.) 
HI  C 
V.V. Ira. 
Mean values 
C 
V.V Im. 
V.V. (I.T.) 
No. 
1 
1 
1 
Healed 
per ¢$nt 
10.0 
25.0 
20.0 
60.0 
60.0 
20.0 
3.3 
31.6 
40.0 
Iqot healed 
No.  per cent 
5  50.0 
2  5O.O 
2  40.0 
6  60.0 
2  40.0 
2  40.0 
10  100.0 
8  80.0 
21  70.0 
12  63.2 
4  40.0 
No. 
4 
1 
2 
Active 
~er cen~ 
40.0 
25.0 
40.0 
40.0 
26.7 
5.3 
20.0 
This analysis shows that in the late stage of the disease the activity of 
the syphilitic process as measured by the state of the lesions was much 
less pronounced in the vaccine-immunes than in the controls as shown 
by contrasting  the  percentage of animals in which the lesions either 
were healed or were still active.  In the case of the doubly inoculated 
rabbits, a similar result obtained as regards the proportion of animals 
with healed lesions but not with respect to those which still showed 
active  manifestations.  This  variant  result  was  due to  2  doubly 
inoculated rabbits in the first experiment in which the disease was of 
average severity as far as the focal distribution of generalized lesions 
was concerned, although their appearance was delayed beyond those 
of the controls (Tables II and III; Text-fig. 1), so that active manifes- 
tations  were  present  in  these  animals  3  months  after  inoculation. 
And it should be emphasized that these 2 rabbits  were the only ones 
in either the first or second groups of doubly inoculated animals which 
developed  a  disease of even  average  severity;  in  all  others  it  was 
extremely mild.  If the mean values of the above table are combined 
on the basis of the presence or absence of syphilitic lesions, irrespective 
of degree of activity, a distinct difference  between the vaccine-immunes 
and doubly inoculated animals on the one hand, and the controls on 
the other, is again brought out. 144:  CONCOMITANT  INFECTIONS.  II 
Group  Lesions  healed  Lesions  present 
per cen~  per ~ent 
Controls ............................................  3.3  96.7 
Vaccine-immunes ....................................  31.6  68. $ 
V.V (I.T.) ..........................................  40.0  60.0 
From the foregoing discussion  of the reaction to syphilis in rabbits 
immunized to vaccine virus and in rabbits inoculated intratesticularly 
with T. pallidum and vaccine virus, it is clear that the reaction of both 
sets  of  animals differed  from that  of the  controls.  As  far  as  the 
vaccine-immune rabbits  were  concerned,  the  time  relations  of  the 
early phenomena, that is, the primary lesion and the critical edema, 
were shorter than in the control groups, suggesting an initial condition 
of  hypersensitiveness.  But  the  subsequent  manifestations  of  a 
metastatic orchitis and of generalized lesions developed later than in 
the  controls,  and  in  addition, the  distribution rates  of  generalized 
lesions were lower, the period of activity of this phase of the infection 
was much shorter, and in a  higher proportion of animals, all lesions 
had become healed 3 months after inoculation.  From the standpoint 
of the entire disease picture, therefore, it is evident that the effective- 
ness of the host's reaction was increased by the presence of vaccine 
immunity at the time of inoculation with syphilis. 
With respect to the animals inoculated simultaneously in the testicle 
with T. paUidum and vaccine virus, the results on the whole conform 
to those obtained in the vaccine-immune rabbits as far as the later 
phases of the  syphilitic reaction were concerned, including the  im- 
portant  one of generalized lesions.  The  results connected with the 
early  syphilitic phenomena were of an  entirely different order from 
those which obtained in the vaccine-immunes and in the controls due, 
presumably, to the local effects of the vaccinal reaction.  The modifi- 
cation of the syphilitic reaction in the doubly inoculated animals in 
the direction of increased effectiveness has been interpreted as due, in 
part at least, to the effect of a vaccinal immunity.  It is known that 
vaccine immunity in rabbits is well developed 2 to 3 weeks after in- 
oculation of the virus and continues for an indefinite time.  The influ- 
ence  of  such  an  immune state  upon the  syphilitic reaction would, 
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phenomena, and the present experiments show that the modification 
of the syphilitic reaction was of the same general order as that ob- 
served in rabbits immune to vaccine virus at the time  of pallidum 
inoculation. 
Mention was made at the beginning of this paper that the results 
obtained with a certain strain of T. pallidum were entirely unexpected 
in  that the strain is  reported to be  capable of  producing a  severe 
disease and that which developed in our rabbits was extremely mild. 
It  was found that  the original rabbit  from which we obtained the 
strain was also infected with vaccine virus and furthermore, that the 
virus  was  being  transferred  with  the  syphilitic  inocula.  In  the 
light of the experiments reported in this paper, the reason for these 
unexpected results is now clear, namely, a more effective reaction to 
the syphilitic infection associated with the development of vaccinal 
immunity.  To what extent  the results were also  influenced by the 
local reaction from the contaminating vaccine virus is difficult to say, 
but it is certain that the vaccinal reactions were not as marked in the 
experiments referred to above as those in the experiments described 
in the present paper. 
The results reported in this paper are entirely different from those 
obtained in other experiments in which vaccine virus and T. pallidum 
were also  inoculated  simultaneously but  in  different sites,  that  is, 
vaccine virus intracutaneously  on the side of the body and T. pallldum 
intratesticularly (1).  Under  these  conditions  of  inoculation,  the 
effectiveness of the syphilitic reaction was greatly decreased, resulting 
in a  severe infection, and this despite the development of an intense 
vaccinal reaction and a subsequent vaccinal immunity.  It is evident, 
therefore, that the manner in which two concomitant experimental in- 
fections are induced is an important factor in determining the nature 
and capacity of the host's reaction to one of them. 
S~ARY. 
Experiments are  reported  in  which  it  was  shown,  first, that the 
effectiveness  of the reaction to experimental syphilis was increased in 
rabbits immune to vaccine virus, the ensuing disease being less severe 
than in control animals. 146  CONCOMITANT INFECTIONS.  II 
It was  further  shown that  a  comparable modification of the syph- 
ilitic  reaction  occurred in rabbits  inoculated  intratesticularly  with a 
mixture of Treponema pallidum and vaccine virus, and it was suggested 
that this result was due to the influence of a vaccinal immunity and to 
the local effect of the vaccinal reaction. 
It  was pointed  out  that  the  manner  in which  two  concomitant 
experimental  infections  are induced  is of significance in determining 
the character of the host's reaction. 
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